Public reporting of percutaneous coronary intervention (PCI) outcomes may create disincentives for physicians to provide care for critically ill patients, particularly at institutions with worse clinical outcomes. We thus sought to evaluate the procedural management and in-hospital outcomes of patients treated for acute myocardial infarction before and after a hospital had been publicly identified as a negative outlier.
T he management of acute myocardial infarction (AMI) often includes primary percutaneous coronary intervention (PCI), as recommended by numerous professional society guidelines. 1, 2 Over the past 2 decades, several states have implemented programs to monitor and publicly report clinical outcomes among patients receiving this procedure. These programs have aimed to recognize institutions with superior performance and to identify outlier institutions that may benefit from focused improvement with the intent to enhance the quality of care for all patients. Additional states are currently considering public reporting programs as the medical community enters a new era of transparency. 3 Previous research has suggested that public reporting of clinical outcomes may create disincentives for physicians to provide care for the most critically ill patients. [4] [5] [6] [7] [8] [9] Providers may avoid high-risk cases to ensure that their hospital outcomes are reported as superior and that their facility is not listed as a negative outlier institution, broadly defined as a hospital with risk-adjusted mortality rates for percutaneous intervention that are statistically higher than those of their peers. Institutions identified as negative outliers for PCI mortality have been shown to treat patients with lower predicted mortality risk in subsequent years, potentially suggesting increased risk aversion among providers. 10 However, the actual procedural management and in-hospital outcomes of patients with myocardial infarction have not been directly evaluated at institutions that have been publicly labeled as negative outliers.
With this in mind, the present study sought to examine the characteristics of hospitals identified as negative outliers in public reporting programs, and evaluate the association between public report of outlier status with the procedural management and in-hospital outcomes among patients with AMI, as well. To do so, we leveraged comprehensive state all-payer hospitalization data from the Healthcare Cost and Utilization Project to compare the treatment patterns for patients treated at hospitals before and after public declaration of outlier status within 2 public reporting states.
METHODS Population
The State Inpatient Databases comprise a family of databases that include comprehensive all-payer inpatient discharge records from community hospitals within a given state. The present analysis focused on hospitalizations at PCI facilities in 2 public reporting states, Massachusetts and New York, from 2002 to 2012. Among hospitalizations occurring in these states, we identified all patients with a primary discharge diagnosis of AMI using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. With the use of codes that have been previously validated in other data sets, AMI was defined as a primary discharge diagnosis of non-ST-segment-elevation myocardial infarction (410.71 and 410.91) or ST-segment-elevation myocardial infarction (410.11-410.61 and 410.81). 11 Patients transferred to another acute care facility were excluded to avoid doublecounting of hospitalizations for the same presentation and to ensure an accurate assessment of in-hospital procedural management and outcomes. Research using the State Inpatient Databases was evaluated by the Institutional Review Board at Beth Israel Deaconess Medical Center and deemed not to qualify as human subjects research requiring further approval.
Definitions
The population was stratified based on whether treatment was administered at an outlier hospital or a nonoutlier hospital. For this analysis, we identified outlier hospitals through examination of public reports (Massachusetts  12 and New York   13 ). In both states, an outlier hospital was defined as an institution performing worse than the 95th percentile confidence interval for expected PCI mortality. The postreport period was defined as the period after an outlier hospital had been publicly recognized as a negative outlier. In contrast, the prereport period was defined as the period before public identification as a negative outlier. The publication date from public reporting agencies served as the time (month/year) used to define the pre-and postreport periods for each outlier institution.
Measurements
Hospital characteristics were extracted from the State Inpatient Databases, and the Nationwide Inpatient Sample, as well. Patient demographic characteristics, including age and sex, were derived from the data set. Comorbid medical conditions were identified by using guidelines developed by the Agency for Healthcare Research and Quality, using methods described previously. 9 High-risk features that could complicate the procedural management of AMI, such as cardiac arrest (427.5) and cardiogenic shock (785.51), were also assessed. To evaluate
Clinical Perspective
What Is New?
• Large hospitals with higher clinical volume are more likely to be designated as negative outliers for percutaneous revascularization mortality in public reporting systems.
• The likelihood of undergoing percutaneous revascularization for a myocardial infarction was similar at institutions publicly recognized as having worse clinical outcomes to that at nonoutlier facilities.
• In-hospital mortality decreased after outlier designation at institutions publicly recognized as having worse clinical outcomes, with improvements larger than those seen at nonoutlier hospitals.
What Are the Clinical Implications?
• Public reporting of outlier status may prompt outlier facilities to improve case selection and use systems improvements that optimize patient care and improve in-hospital mortality among patients with myocardial infarctions.
the procedural management of patients with this diagnosis, the data set was queried for procedural codes for PCI (ICD- 
Analysis
Summary statistics were reported as means with standard deviations for continuous variables. Normally distributed continuous variables were compared using t tests, whereas categorical data were compared using a χ 2 test. The primary goal of the analysis was to assess whether there were differences in procedural management and outcomes in outlier hospitals before and after public recognition as a negative outlier. To control for temporal trends, each patient treated at an outlier hospital was matched to an alternative patient treated at a nonoutlier facility within a 30-day period. This matching was then used to assign pre-versus postreport status to admissions at nonoutlier hospitals, based on the variable borrowed from the matched pair. Next, we used multivariable-modified Poisson regression to examine the association of the pre-and postreport time periods with procedural management (coronary angiography/PCI/coronary artery bypass grafting) and mortality at both outlier hospitals and nonoutlier hospitals as previously described.
14 To account for differences in patient characteristics before and after public report, the primary analysis model included fixed effects for patient characteristics such as age, sex, race, and 29 comorbid medical conditions identified by the risk adjustment model developed by the Agency for Healthcare Research and Quality (online-only Data Supplement Table I ). Additional covariates for cardiac arrest and cardiogenic shock were also included in the model. State-based clustering was accounted for with the use of a hospital level random effect. Statistical interaction terms were subsequently used to assess whether the changes in management and outcomes for AMI patients following outlier notification were different between outlier and nonoutlier facilities. Confidence intervals were estimated by using a robust variance estimator (sandwich).
To examine more granular temporal trends before and after outlier identification, we conducted additional analyses in which admission dates were normalized against the date of outlier designation. That is, for each hospitalization, the number of days between the admission date and the outlier notification date was calculated. These durations of time were rounded up to the nearest multiple of 6 months, and a categorical variable representing number of 6-month blocks between admission and outlier notification was created, and used to estimate the effect of outlier notification on procedural management and outcomes across a range of time intervals between admission and the date of notification.
Sensitivity Analyses
We performed several sensitivity analyses to ensure our outcomes were robust. First, because some hospitals may have received notification of impending outlier status before the publication date of the public report, we repeated the analysis using the date 1 year before the public report to define the pre-versus postreport threshold. Next, because any potential trends suggesting improvement at outlier hospitals after public notification could have represented regression to the mean, we also examined whether hospitals identified at positive outliers (lower than expected mortality) showed similar evidence of normalization of outcomes over time. All analyses were performed using SAS version 9.4 (SAS Institute).
RESULTS

Population
Among 88 hospitals performing percutaneous revascularization in the selected states, 31 (35%) were identified as excess mortality outliers during the study period. The subsequent analysis included 29 of the 31 outlier hospitals, because one of the outlier institutions closed shortly after its report as an outlier (St. Vincent Hospital, New York) and another was denoted as an outlier too Figure 1 . Outlier hospitals.
The cumulative incidence of outlier hospital designations as a function of time, stratified by calendar quarters.
late to obtain sufficient data after its designation (Jamaica Hospital Medical Center, New York). The cumulative incidence of outlier hospitals as a function of time is presented in Figure 1 , and the institutional characteristics of the outlier and nonoutlier institutions are summarized in Table 1 . As shown, outlier hospitals were larger (P=0.025) and more likely to have an active cardiothoracic surgery program (83% versus 49%, P<0.001) in comparison with nonoutlier facilities.
Outlier facilities also had a significantly higher rate of annual myocardial infarction admissions (640 versus 452, P=0.002) and percutaneous revascularization procedures (862 versus 247, P=0.010).
From 2002 to 2012, 507 672 patients were hospitalized with AMI, and 108 462 (21%) were treated at an outlier facility after public report of its outlier status. The demographic characteristics of the population are stratified into the prereport and postreport periods and presented in Table 2 , with additional medical comorbidities further summarized in online-only Data Supplement Table  II . The temporal trends in the diagnosis of comorbid conditions such as cardiac arrest or cardiogenic shock are reproduced in online-only Data Supplement Figure I . A general trend in the coding of comorbid conditions, as represented by the mean Charlson Comorbidity Index, was also similar at outlier and nonoutlier institutions (online-only Data Supplemental Figure II ).
Coronary Angiography
The relative risk of undergoing diagnostic coronary angiography was assessed at outlier and nonoutlier institutions. 
Percutaneous Revascularization
The relative risk of undergoing percutaneous revascularization as a function of time from public declaration of outlier status is depicted in Figure 2 . As shown, the likelihood of percutaneous revascularization at an outlier institution increased after public recognition as a negative outlier (RR, 1.13; 95% CI, 1.12-1.15). The likelihood of percutaneous revascularization for patients treated in the same state and time period at nonoutlier institutions also increased in a similar fashion (RR, 1.13; 95% CI, 1.11-1.14; interaction P=0.50). A subgroup analysis indicated that public declaration of outlier status was associated with a similar increase in percutaneous revascularization rates among patients presenting with a concomitant cardiac arrest (interaction P=0.97) or car- All data presented as number (percent) for categorical variables or median (interquartile range) for continuous variables.
*Missing data from the data set are also reported for each characteristic. †Number of facilities that performed at least 10 coronary artery bypass operations during the time period under investigation.
diogenic shock (interaction P=0.94) at outlier and nonoutlier institutions (Table 3) .
Surgical Revascularization
Additional analyses were performed to assess the relationship of public report and the rates of surgical revascularization, for the purposes of comparison. The likelihood of surgical revascularization with coronary artery bypass grafting decreased after public report at outlier facilities (RR, 0.70; 95% CI, 0.64-0.74) to a greater degree than at nonoutlier facilities (RR, 0.82; 95% CI, 0.76-0.88; interaction P=0.008), in comparison with the prereport period. The likelihood of any revascularization for patients with myocardial infarction, whether it was percutaneous or surgical, increased after public report at outlier (RR, 1.04; 95% CI, 1.01-1.07) and nonoutlier (RR, 1.07; 95% CI, 1.03-1.11) institutions in a similar fashion (interaction P=0.29). All data presented as mean (standard deviation) for continuous variables or number (percent) for categorical variables.
In-Hospital Mortality
The in-hospital mortality of patients with myocardial infarction was 9.0% at outlier and nonoutlier institutions across all time periods. The relative risk of in-hospital mortality at outlier and nonoutlier institutions as a function of time from public declaration of outlier status is depicted in Figure 3 . Overall mortality was similar at outlier and nonoutlier institutions in the prereport period (RR, 0.99; 95% CI, 0.88-1.10). As shown, in-hospital mortality at outlier institutions substantially decreased in the postreport period in comparison with the prereport period (RR, 0.83; 95% CI, 0.81-0.85). The likelihood of in-hospital mortality for patients treated during the same time period at nonoutlier institutions also decreased (RR, 0.90; 95% CI, 0.87-0.92), although to a lesser degree (interaction P<0.001). The mortality at outlier and nonoutlier institutions thus remained similar in the postreport period (RR, 0.91; 95% CI, 0.81-1.02; Table 4 ). The relative risk of mortality for a patient treated at each individual outlier hospital in the postreporting period, compared with contemporaneous patients treated at nonoutlier hospitals, is presented in online-only Data Supplement Figure III . The decrease in observed mortality at outlier hospitals was more pronounced when limited to patients with myocardial infarction who underwent percutaneous revascularization ( Figure 4 ). In the prereport period, PCI for AMI at outlier hospitals was associated with significantly higher in-hospital mortality than nonoutlier hospitals (RR, 1.18; 95% CI, 1.02-1.37). Subsequently, the likelihood of in-hospital mortality for this subpopulation substantially decreased at outlier institutions (RR, 0.72; 95% CI, 0.66-0.79) after public report at a rate exceeding that observed at nonoutlier hospitals (RR, 0.87; 95% CI, 0.80-0.96; interaction P<0.001). The mortality at outlier and nonoutlier institutions thus remained similar among revascularized patients after public report (RR, 0.98; 95% CI, 0.84-1.14).
Sensitivity Analyses
A sensitivity analysis utilizing 1 year before the publication of the outlier reports as the time for the pre-and postreport designation demonstrated findings similar to the primary results. The rate of percutaneous revascularization increased similarly at outlier institutions (RR, 1.14; 95% CI, 1.13-1.16) and nonoutlier institutions (RR, 1.13; 95% CI, 1.11-1.14; interaction P=0.203) in the postreport in comparison with the prereport period. To assess whether the findings of decreased mortality at positive outliers might have been the result of regression to mean in the study sample, we conducted a similar analysis among low-mortality (positive) outliers. These positive outliers were found to have lower adjusted mortality than nonoutlier hospitals in both the prenotification (RR, 0.82; 95% CI, 0.73-0.93) and postnotification (RR, 0.81; 95%CI, 0.71-0.92) periods, without evidence of regression to the mean (interaction P=0.46).
DISCUSSION
The present study sought to examine the characteristics of hospitals identified as negative outliers in public reporting programs, and to evaluate the association between the identification of hospitals as negative outliers with the procedural management and in-hospital outcomes among patients with AMI, as well. As the data demonstrate, in-hospital mortality among patients undergoing percutaneous revascularization was substantially lower at outlier institutions after public report of outlier status. This reduction in-hospital mortality was in excess of that observed for patients treated in the same state and same time period at nonoutlier institutions. The reduction in mortality among those undergoing revascularization was associated with a reduction in death among all patients with AMI. It is interesting to note that the rates of percutaneous revascularization increased similarly at outlier and nonoutlier institutions after public report of outlier status, also suggesting against disproportionate risk aversion. Taken together, these data have important implications for our patients, and the public policies that improve transparency in the healthcare system, as well.
Public reporting of procedural outcomes is designed to improve the clinical care of our patients. Proponents of public reporting systems applaud the increased transparency, allowing both patients and physicians the opportunity to objectively evaluate healthcare outcomes for a given institution. 15, 16 Applied to the present study, public reporting of procedural outcomes led to the identification of several hospitals with increased risk-adjusted mortality. These hospitals were larger with higher annual rates of myocardial infarction admissions and percutaneous revascularization procedures. It is interesting to note that these facilities were also significantly more likely to have active cardiothoracic surgical programs. It is possible that these large institutions that served as tertiary referral centers were more likely to undertake complex cases, including cases that were ineligible for surgical revascularization. 17 The present study corroborates the findings of the state reporting agencies with increased risk-adjusted mortality among patients with myocardial infarction undergoing percutaneous revascularization at outlier facilities before their outlier designation. The data presented here further demonstrate that negative public recognition was followed by a reduction in mortality among patients that underwent percutaneous revascularization at outlier facilities in excess of the decrease observed at nonoutlier institutions. The improved mortality should be interpreted in the context of the clinical outcomes for all patients with myocardial infarction, as opposed to just those who underwent PCI.
The association between public reporting and inhospital mortality among patients with myocardial infarctions has been ambiguous. Previous research has suggested that in-hospital mortality for patients in public reporting states was similar to the mortality in nonreporting states among Medicare beneficiaries.
11
Subsequent studies including a broader patient population suggested that overall mortality may be increased among patients treated in public reporting states, particularly among those that were not ultimately offered PCI. 9 The present analysis demonstrates that the overall mortality for patients with myocardial infarction decreases after public designation of outlier status. It is possible that such an improvement represented regression to the mean. However, examination of the year-toyear temporal trends suggests that there was a period of poor performance that was followed by a sustained improvement, arguing against random changes that would regress to the mean. In addition, hospitals with good outcomes (positive outliers) demonstrated consistently improved in-hospital mortality in comparison with nonoutlier hospitals in both the pre-and postnotification time periods, suggesting against statistical regression to the mean among this group as well. We hypothesize that the observed changes in mortality could reflect changes in healthcare systems that improve case selection and optimize patient outcomes. Some negative outlier institutions implemented multidisciplinary teams to improve case selection for percutaneous revascularization. 18 Further studies surveying the changes implemented at negative outlier institutions could provide additional insights. Alternatively, the apparent improvement in risk-adjusted clinical outcomes could reflect changes in coding of comorbid conditions. However, rates of coding for high-risk conditions such as cardiac arrest, and the overall morbidity as assessed by the Charlson Comorbidity Index, remained similar between the 2 groups. We believe the improvement in clinical outcomes reflects quality improvement stemming from the intended effect of public reporting, especially in the absence of evidence supporting disproportionate risk aversion. Figure 3 . In-hospital mortality among patients hospitalized for myocardial infarction.
The relative risks of in-hospital mortality presented as a function of time from outlier designation. The relative risks of death decreased more quickly at outlier hospitals after public designation of a negative outlier status in comparison with nonoutlier hospitals. RR indicates relative risk.
Public reporting of procedural outcomes influences case selection for percutaneous revascularization. Differences in case selection could be attributable to operator aversion for high-risk cases or to a reduction in futile or otherwise unnecessary procedures. An initial evaluation of this question demonstrated that the risk profile of patients treated with PCI at 4 institutions publicly identified as negative outliers was significantly lower after outlier identification, suggesting increased risk aversion. 10 However, this analysis was limited to patients who underwent percutaneous revascularization and thus could not provide direct evidence to examine potential changes in treatment strategies or outcomes among patients with myocardial infarction overall. Furthermore, the inclusion of 25 additional hospitals identified as negative outliers since that time provided a more robust data set with which to examine this question. With this in mind, the present study demonstrates that the likelihood of undergoing percutaneous revascularization was similarly increased after public report at outlier and nonoutlier institutions. Furthermore, the likelihood of diagnostic coronary angiography for patients with myocardial infarction also increased in a similar fashion in the postreport period. These data suggest that public recognition of outlier status was not associated with increased risk aversion above and beyond what is encountered while practicing in a public reporting state. 9, 19 The improved clinical outcomes in the absence of enhanced risk aversion highlight the potential benefits of public reporting and overall transparency in the healthcare system.
Limitations
The present study should be interpreted in the context of several limitations. As with prior studies using administrative data sets, billing codes were used to identify patients with the diagnosis of interest and to describe their comorbidities. Billing codes are susceptible to misclassification and the current data set does not provide an opportunity to confirm their accuracy. Furthermore, changes in the billing codes over time could reflect variation in actual patient comorbidities or fluctuations in coding practice. Unfortunately, the administrative data set does not allow a mechanism to definitively determine which of these factors is occurring. The similar changes in a composite comorbidity score between outlier and nonoutlier institutions may alleviate some of these concerns regarding differential changes in coding between the 2 hospital groups. The present data reveal an improvement in clinical outcomes after public report. There are not sufficient data within the administrative data set, however, to completely understand what led to the improvement in outcomes. The inpatient databases used in this study do not provide access to unique identifiers for each patient. Because of this, we are unable to track transferred patients throughout the entire course of their care and are solely limited to inpatient outcomes from a terminal hospitalization. Further studies in other data sets could be designed to overcome these limitations and corroborate our findings.
CONCLUSIONS
In conclusion, large hospitals with active cardiothoracic surgery services and high clinical volume are more likely to be designated as negative outliers. The rates of percutaneous revascularization increased similarly at outlier and nonoutlier institutions after public report of outlier status. After outlier designation, in-hospital mortality substantially declined at outlier institutions in excess of the reduction observed at nonoutlier facilities.
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DISCLOSURES
The relative risks of in-hospital mortality presented as a function of time from outlier designation patients that underwent percutaneous revascularization. The relative risks of death among patients receiving PCI was elevated at outlier institutions before declaration of outlier status, a finding that dissipated after a hospital was identified as a negative outlier. PCI indicates percutaneous coronary intervention; and RR, relative risk.
